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Abstract 




PROBLEM TO BE SOLVED: To provide a programmable delay generator, with which the control of a circuit 
constant can be dispensed with and the delay time of a fraction capable of setting both a numerator and a 
denominator can be generated with high accuracy, and a frequency synthesizer capable of generating a low- 
spurious output signal with no control. 

SOLUTION: For this programmable delay generator, a threshold voltage generating circuit 20A for generating a 
threshold voltage Vk proportional to set data K and a ramp wave generating circuit 1 0A for generating a ramp wave 
voltage Vs proportional to set data 8 are provided in the same circuit configuration, the delay time of a fraction K/S 

addition, the threshold voltage generating circuit 20A and the ramp wave generating circuit 10A are operated 
synchronously with an extemal clock. The frequency synthesizer uses such a programmable delay generator as a 

mPsinQ fnr nh^QP intprnnlsitinn stf Si Hiror^t rlinitAl Q\#nthp<i7or Fiirthprmnrp a miiltinlipr fiiitv mtin onnvprtinn circuit 

• llwCIIIO t\Ji |JI IdOC II ILCI |JUlOlllwl i Ol O UIICOl UiyilCll oyilUiOOI^d* i^UI 11 ICI 1 ilUI d 1 IIUILIfJIICI , UUty ICIUii OUIIVdllliy OllOUli 

and PLL frequency synthesizer are enabled as the application circuit for the programmable delay generator. 
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Vs =- (S/M) • ( I o/C 
[0 0 4 4 ] mz.. =r 3 1 f^, mMM&Vk 

(11), il2)^X "9 . 
t d = (KXS) • T • •(14) 

r-^^nSo r(7:)fcb;^ft-^3 0 2 li, !7>'v'3S/h3 2 

[0 0 4 5] ^ti. KMV 0 3:^taXXISmU 

&vs (^smmvsc) n^mmicm^o ^y-^ft-^ 

(Di^-^ ^i^^lt. vk ^Vs o— S:;i^^tti$nTffi;^7ft 
#3 0 2'i}^m:^^i^tL^X'^i^i'£X\^^o 11 4 T-J^ <^ t>t- 
to +Tr*i:^_b:d^i9 , to -\- 2rX^L^Tf^^^X ^ 
\z.m'^i^X\.^^f)K fcb;^?{t#3 0 2^*y-^{t#<!: L 

[0 0 4 6 ] y) . ;^^mf0^co:7^n ^^-^y/u 

mm^±^\t. (l4)^r-^^tiS^«K/S{ci*:0^(IL^c 

[0 0 4 7] JtCis, (i4)5<;(claiiJS^^:&^^^nri^/.ci^ 

^>':7^^^^[h]|^i 0B^^Mil;s^ii[His&2 0 

B(7>0g§^^, -f /^^^^Icl 5 , 2 5CO^fiflC, m 
i^fi^^'l' S/f" 1 6 , 2 6 (CijeixS^Jffll I o , 

7, 2 7<Di^&mmmM^m-mti.t^fzi^X'h^o c 

f 0= f CLK 

xm^^^o ^<Dr^::^Msi — ^1^, ^ixMi^xy^ I- 

feti ft # o If ^ CD ^ n T 1/ ^ ^ o 

[0 0 5 1 ] r A l^ — i5^m^$:rM^, [gj 6 

jSfi^/.^^^ l^^ h-x-r v>^/^^/>'-fe:i^^ifr•|^. ROM 
6 t= ( (2^~^-6lp) /S) 

stj(7>0 oMep ii3-c*?2>(7>r% ioS(7>eMSB(-"^ 

6 t = ( (4-3) /3) • T = T/3 
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■•'(12) 

tz.nmz.':i^&^ix. 9>":f&mEEVs tl.X\^tl^ti 

) • (t-to) •■•(13) 

<DXoti:m-mfi^(D9 >":f&^^^^i 0 B ^Bflfil«jffi 

tm^xi^^xhmmt^mx^^ . ^ti^^-r^mmm 
m--^commht£:\^\ ^fz. 9 >':^mm^\B\mi OB tm 

10 fltmiE^ ^ iHl SS2 0BO»jf^l:i. ^Mt^hT^t^^kx.^^ 

mrt^nf^\>^mz.^ xzy^\z.win\^x\*^^(nx. mm 

[0 0 4 8] (jij^^v'^/irif^ifom 1 O^Mji^^)|l 

[0 0 4 9] |i}(Ciot,^T. j^^^v-Vizri^^ifJ^, 

— i?'4 0A, 7=" — ^^^[oIie&5 0 A, #J»[H]gS6 

OA. iizt^bfc^^PJco^D ^^-^:/7U3gm^^:|l7 0 
(CJ: i9^^^tl^c r 4 0 A^^. M%^4 

20 1 A:^3j;Ui^ iy5^4 2 Atcj: "9«^$ix^e ^^^^ 
SA;t?«-^l 0 2;5^^bA*^^^5^^v^-^5^ St^. 
3. I/ — ^ 4 0 A(7^;bD^fi4 1 A*5 J:U^:/n 
3i$S^^:^7 OtC^^^iX^, ^ x:i y^Kt^mi^ZQ\ 

[0 0 5 0] gI6l^. r A U- — ^ 4 0 AOK^-^jri^ 

j^fflt^0#MP^(- S = 3 ^</u^^:^/uXl^^a bfc;&^o 
•••(15) 

[ 0 0 5 2 ] ^/c, r^m'7^^i^:^^m<D:ijmt 

nhardt et al., "A short survey of frequency synthe 
40 sizer techniques" , in Proc. 40th Annual Frequency 
Control synip. , pp. 355-365, May 1986)o ii^EW^<0^ 
^it. 0 6 {c;^-r J: 5 tib;^ft-g-0 MS B <D^y</i^ 
:;^^^</u:^:::t{z.mm^'^X 6 ideal ^^^^-^ 

' T •••(16) 

mm^-^tli-^. e i d e a 1 1 "=^9<^'''^>'^^t- — Set* 

So 

[ 0 0 5 3 ] V^^<DmuW^<D^^t LTIi. v^Mi&m 
50 t UT.i^Lf:iBgfflmjE^:t©£S^ 7>"7^K^*(HlSS^» 
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/.CSlEl[^r-«^i-63i$fi^tfl : H.Nosaka e 

t al. , "A phase interpolation direct digital synth 

esizer with a digitally controlled delay generato 
r" , in 1997 Syrap. VLSI Circuits Dig., pp, 75-76, Ju 
ne 1997)^, MmB<D^ t/-:^^^ ^ -f ':^(r>»m 

: V. N. Kochemasov et al. , "Digital- 
computer synthesizers of two-level signalswith pha 
se-error compensation" , Telecommunications and ra 
dio engineering, vol. 36/37, pp. 55-59, Oct. 1982) 

[0 0 5 4 ] }Li^\^f^:^mm<D^^^'7'^^/i^^m^^ 

[0 0 5 5 ] r i/— ^ 4 0 Acoffl;^?v^— ^ e J^. 
^tth^z.. ^(DSitet's/ h 0 MS Bi^sttO^^^— :/ 

/^ft-^l 0 1^ Lr:/n ^^•7>7'/big^^±tl 7 0{CA 

;^?^ix5o sUiJ^^^-://^m-§- 1 0 1 ±:ii^\^tzXo 

[0 0 5 6 ] 7^-c^^^m[H]^§5 0 Al^. (16)5C(7>5>^t" 

teu. ^ ib(ci ^;DD^-r^m») mmxh^\:.^&^m% 

1 j/^il^S^ii-rcft-^^SilOy— i^ff-§-l 0 3 ^ L 

s/^MIMoft-^-^KlMO-Y^^-y^/Ht-^-a 0 1^ Lrtbi;^ 

-^(§-§'2 0 3 ^ LT"^n^^-r7^/Uig3iS^^tl7 0 {C 

[0 0 5 7 ] :^<DXoftmm^^^. Vn^^-^^/V'^ 
Jti^^§5 7 0{^(l6)5^{C^-t-iS^S^r^^^^b. 051^ 

[0 0 5 8 ] 11 7 (i. Jfl^^v-Virit-^ifO^KT^Hit 
^f^^iT^SlfF^^'J^^i^-r^^^f'-t- hr-^^o (a) (:i^n 
vi^ZOX. (b) t^r ^r3.i:.U— i$y4 0 AOfctl;t?x — ^ 
0, (c) \t)^t^f-^^<D^^\iL\fyVB^S^^ (d) 
l^^^-T/KSffiVs . (e) \tY.m^ ^'^-^M%%2 0 50 
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1, (f) t^WfiI«iEVk , (g) \t\^ti^'^3 0 2. (h) 
J^K«01i-:^^ft-§-2 0 3, (i) S«iy-i^fB-§-l 0 3 

Xh^o 

[0 0 5 9 ] f^-^^ r A U"-^ 4 0 AO h^n 
MS B^^'fei^S^'? <^ 1 ^yi7mW^<o^^ 

[0 0 6 0] ^>:/?SM;mvs f^f^^-T^— stctt^^j 

0MSB(SttO^^>— ://Wt-§'i 0 DoirJ^ns/jj^ 
JSffliiJS ^ -^i:fcft#lcl^ W 7 v:/St (c o r 1/^ -So 

Km-^ — 0 W^. 0 MS B^^3t^>±>5^^^ 

oi^hi;;^<^L, ^MmjEvk {^7=^-^^^[HlS§ 5 0 
p^f)-h\^ti^^^m'^y'-^v. (=2^~^-0p){c 

T T-^^5^V^;^*I(Dtli;^jft-§-3 0 2^^thl;^7^ix^o :i 
(7:>{ii;^?ft-^3 0 2Ji:. Kliyy — :5^{t^2 0 3 <»: Lr:/p 

fc. SilOy -^ft-^-l 0 3J^. h 6msB<^ 

[0 0 6 1 1 a4:^?iS(c hi//^:7 y 

(T-FF) ^mW'r:^t. 7'=^-'r^lt50%(Dmmi& 
(D^^:^^^><^mt}^n^^tt^-^mxh:^o :L<Dm^ 

[0 0 6 2] ms\^. m^m:i^y^'^-f'^'^m(omM 
mm(Dmmf^w^^^^. ^n^^-7-://uii^^^^7 o 

/vmrn^oyio^m^m^iyy i^xmj^x^t^. ^^y 

^mWim^ 200kHz. r^^AU — i$^4 0 AOt's/ hIR 

f 0 = (96/256) - fcLK= (3/8) • fcLK=7 
5 kHz 

K*^37. 5kHz<^ U/Co (a) It^ y^ 3 0 1 . (d) 
^i^:/amiEVs , (f) I^B8MII;iSVk , (g) t^T^^- 

T-^lt50%co^Jl^g2<^ b/!:ffi;^7{t-§-r*^^o 
[0 0 6 3 ] m9\t. j^^^v'^'-feri^l'ifcoMl (^Hm 

- F F tij;^? K ^37. 5 k Hz*5 J: U^-^ (7> flSPiS 

<Dy^m& (^:/yr;^;«^) J:i:;*c# < ^^ix. bnrjs t? , 
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[0 0 6 4 ] mm^iy>'-^^-f-^'<om2(Dmmmm)m 

[0 0 6 51 0{c:fcl^r, M)K^v'>'irf->t' 

OB. ^mm(o^^^y-^^/i^mmm±^7 o\zx^m 

f&^ti^o r A u — ^ 4 0 B 1^, ;bD^ii 4 1 B jo J: 
U«^5^f^4 2B{cJ:«:?«iS;$ix6o K^t^^--^^ s 

^4 0B(^>;[ID»:S4 1 B*5j:U^:7^ci 

6 t = ( (2^-0) /S) • T 

[0 0 6 7 ] 7=^— ^S-^lHlIiSS 0 Bf*. (m^CO^^^T^^ 

K^ij^^^-:/>'Mt-§-2 0 1 ^ Lrai:^-rSo ^^n^^-v- 

^/i^mm^±^7 o(Dm:bm^'\^. mtim-^m:hm^3 

[0 0 6 8] roj: 5 ?^e«J5ife(cJ: > :/D^^-7://i.ii 

M^^:^7 0l^(l7)5C(C^-r3i5S3$P^^^:^U, 1] 1 0 

5 t = ( (s-e) /S) • T 
T- ^ $ n 5 P$ /f i 1 31 ® ^ -ti- 6 o 

[ 0 0 7 2 ] -T^-^^^^^mmS^S 0 Cf^. (18)3<:(7):J>-^7^ 
-^J'S-e <£rS^L, '7^p^^-^>^/t'3l5i«^^7 0(c 
^x.S^^7^-^K^ai;^?-rSo MffliS^e 0 cf^, o 
FDft#^>S^bfcm{Cl ^ n 5^ ^315£^ii:/tft-^^S 
liyy-iJ^ft-t 1 0 3 Lrffi;^?L. o f D{t*:5^3i:^_b 

n y ^ mm<Dit-^^Km^ ^-^-^Mt^ 2 o 

ai:^{t#tH;^3i^n^3 0 2(c^'9m^n5^^ 
t>(c. Klliy — ^^ff#2 0 3 Ur7'n:/^-^:/yt'3i5£ 

[ 0 0 7 3 ] Z(r)^^fj:mmzXKf . y^-^^/uj^ 

M^±^7 o\^iis)^{z.^-rMM^m^^^i^. mil 

f>^/i-:7 lij/T^yn^:/ (t-ff) 



(10) i^ra^l 1 - 2 8 4 4 9 7 

18 

m7 o\zWim^inho ^D5/i5^A;^J«^3 0 

B*5J:U^^t3^^-^://uii^^:i§i7 0tc^x.bnSo 
[0 0 6 6] T=2i^3. jM^ — ^ 4 0 B(7)m;^T^ — ^ e (i, 
7=^-t^'^miHlSS5 0 B:*5^U«*JWI5ISS6 0 B(cA;^7$n 

r^::iLM.i^—^ 4 0B<DmM^4 iBf)^hmtf^ti 

•-(17) 

[0 0 6 9 ] (JSS^v'>'iri^^ifoB3co^J£?i^m)!l 

[0 0 7 0] ^tcjsi^r. i^^^^v-^^irih^ifi^. 

a.AU' — ^40C. -t" — ^^^ll]^5 0 C, *JW[h]S§6 

oc. ^^m<D':ft2^y-^^/umm^±^7 o\z.x^m 

^^n-5o r ix— 4 0 c 1^. ^pff 4 1 c ijs J: 
t;^^^/f^4 2c\cXKimf^^n^o ^^^-^sa;^* 

^ 4 0 C(7>;!jD^«4 1 C:feJ:U5:/n 

^7 o\z.m^^ix^o ^ ti :K:hm^3 0 i^'hAt) 

^}X^^^y^\^. r 4 0 C<Dy 4 2 

cj3J;u«:7^D ^5-^:/>'L.ii3i£^^«7 o \z-^^htxh. 
[0071] r^^j^ i^—^ 4 0 c<Dmti'f—^ e i^, 
7=^— ^^^IhJSSs 0 c j^i:u^*J^[H]S§6 0 c{cA;^$ix 
T=^zr ^ U — 4 0 C(D^D^^4 1 C;6>e?tii;^^n 
^;^_^<_;7P— fg^j^^ ^S/f^4 2c^:^^bri^n 

S/r^^^iSS^-^TtOFDft-e-^^tC 19 , ^^^(hUSS 5 0 

:^^-^Mt^l 01 b Ur:/n ^^■^y^/^3iM^^^7 

0{c:A;^7^n6o *:|^m?i^^TM^. OFDft#^ 

••(18) 
5)5t(7>*»(C/^^. 

[0 0 7 4 ] {mm^<Dmi<ommmm) mi4{^. * 

[0 0 7 5 ] iatC:^5l^T, ^^n-^^ 0 0 \t^AU\Bl^. 
40 5 0 1 — 5 0 3, 5 0 5 — 5 0 7 I^Blf3£<^^M^i5^b3i 
(^-SiM^i^^cUtb-r) J:5{c, ^^K^^ /^{^^^ 

509 — 511. 5 1 3 — 5 1 5t^^l[. 5 

1 7 — 5 1 9. 5 2 1 — 5 2 3 15 iyf^, 5 2 5, 5 

2 6. 5 2 8, 5 2 9 f5=r>'^^I/ — 531. 53 
2, 5 3 4, 5 3 5 l:i^VU;^*lPSlHlSS, 5 3 7, 5 3 
8, 540, 541t5D-FF, 5 4 3J50Ry'-h, 
5 4 4fiI7>'i/'3 5/ h ' •^)\^'^^^^^\^-'^ . 6 0 015 

«31i§ft#A;^ii^T-, 6 0 1 J5ffl;^«^^^ Lri^So 

5^ [0 0 7 6 ] *^J?EJi?flli5, 4<@(OiijlS^±SI^^A.r- 



s^Rx^m3<Dmm^^m^ (1/4) r(Dmmmm^^ 
4) r(Dmmmm^^±-r^. 

[0 0 7 71 mm::^^ 5/f^5 O 1 , 0 9. y 

5 0 3 , ^Ic 511. 5 1 9 l^H 

1 <03i$i^^:|§c7)^>'r2ffiV 3 6o V15lU«V 

3 (oms.^itiSi'r^ ^^^-^ 525 otu;^?j^ii 1 o 

1^, |gi coii52^±:iiottj;^3''^/^;^^^, M 2 —114 0031 

I 0 0 7 8 1 mi5tE^ ^ 5 0 2 . iFfic 5 10, ^ 

5 1 8 itm 2 (D^M^±^<7)mm^mv 2 

iy^5 0 3. ^fi:5 11, 1 9 l^m 

[0 0 7 9] i/f^ 5 0 5 . ^fi5 13, ^ 

5 2 1 \tm 3 COiilS^ife^tDBgfLimjEV 4 ^^ii 
M'^:^^ 5 0 7 . ^^5 15. :^-( y^ ^ 2 
3 coii^^^^OT V 6 ^^^-r^o 
[0 0 8 0] mas:^ ^ 5 0 6 , ^fi 514, ;^ >r 
f" 5 2 2J^S4 COil^S^^fe^O^MmEEV 5 ^^^L. 
^25^;^ 'l'5/f^507, ^fl515, y^ ^ 2 Z \im 

4(7)iS®^it«(7)^>:/Kv6^^^-t-S. r.ov6J:3: 

[0081] iiii5j^, mii^(Dm 1 <omMnm<DmYiF 

(CLK) . (b) (^^Sd[H]J§S5 0 0 ai;^3 (CLK 

1) . (c) \t'j^^l\B}m5 0 Omni^t} (CLK2) . 

(d) nmi<Dmm^±^<DmmmE,v 1 ^ %2(D^m 

(^mzc^rjiiM^^:^^^^:/^) V3, (e) J^ms 

t7:>3g^^^ii(^^MmjSV4 . m4c7)ii$S^:^tgOgSM 
miiVS, m3 05iM^^f|(^^>'r^ (*m4 03g^ 

^^m<D^:y':fm V6, (f) J^ilf&:gcom i olIJS 

[0 0 8 2 ] 5 0 0 I^T-F FO;^T-«^^ 

ix> ^ifflf*ft-§- (CLK) (7:>>'nVu;^07s:^?^ ^ t>lc^(7) 
tti;^*^*5^-ii:S ( (b) CLKl, (c) CLK 

2) , CLK 1 m^5lE^ :y ^ 5 0 
1, 5 0 2 19 , ^Pfl{cW:^>JLr^S5 0 
9. b\0\Z.mMi)^^^-iy^HX^<. ^m^\t^<D 
mnTtm^'t^t. CLKld>u-t^«{C/j^i9, «jK 

;^>i'^f^5 0i, 5 0 2d^;t:7)t^^{^M^o ^::t-. :3 
V/^U— 5 2 5, 5 2 6(7:)A*^>^b'— 



(11) 4#M¥l 1-284497 

20 

IciSitm:^, 5^1:5 0 9, 5 1 0 Icf^-^' — $i^/cm^ 
Jit^^t^n-So r r.r*, 5^^501, 502O 

KT*|im"r5<J:, ^Jc5 0 9,5 1 OCOSffiVl, V2 
(^jE^tCl : 3 ^/^-So 

[0 0 8 3] C LK ld^/N^<^^OSSFfl, ^^-Y 5^ 

5 1 9 ;t>*c^r-^ 19 , 5 11 com^i^SfH;^ 
nri^-So CLK l;6^ni— it^ffifCMI? , I^P#{CCLK2 
ift^^^-f^^l^^/jtS^, ^m:^-( y^^ 0 Zt^:t>i(m\^ 

T^<o err-, m^5fE;^-< :yf^5 0 3cDSi5^M^, m^tE 
^-Y :y^5 0 1 (7>4fieF{^;:^^ J: 5 {cx-^^lS:^, Sfc 
f^/^- Kr-^mbrj3<, -rs^, CLK2;5^S:'^±d5 
or;6^b (1/4) TmW^\z.. ^1:5 1 1 (7>mjEV 3 
l^vilc— g:L, (3/4) TSiii^tcv 2 (c— 

C3 — ^ 52 5fiw(7:) (1/4) T(7:^:^^ ^ 

^^^fflLTfcb;^ (mioiijig^iiiiffi;^?) L, 

U — ^ 5 2 Q\t^<D (3/4) TCO:^-r ^ >'^^1^mL 

20 SS5 3 1 , 5 3 2(7)m;^? (col, co2) I^D-FF 
5 3 7, 5 3 8(7>'t hA^iS^f-il^tb^n, mb(7> 

D-F F^;^>'4^^(C'r^o cnf^iJ: «9;^-< ixf^s 1 

7, 5 1 8 19 , 5 0 9 , 510(7:)^ 

[0 0 8 4 ] H 3 ^4 05i5S^^:|ic^»i 

T^^ib (1/2) TSili^lC/^yu;5^iH|l|S(lISS5 3 2:5^ 

30 ''^/t'j^^tb;^/ b, ^ibtc (1/2) T^Si^^{c/^/i-;^i|)I 

PlE[Hl!fe&5 3 4 36^/^/l-;^^tb:^L, (1/2) T 

^iiS^{;i''-^/i-:^*iPSliISS5 3 5 :5^/-?/L->^ ^ffij^-fSSJ 

!7 Vv-H :y h • )V-f- ^ 5 4 4r-^^^n^ 

/•^;^;^*i^^o, w^n (1/2) T(Dmmmm-^^mt} 

[0 0 8 5] iif^tlom 1 (7:>^li?l0Ml^, ilM^^tl^ 
[0 0 8 6] 

(1/4) T, (3/4) T(7:>:^-^^^>J{Ci7g-< 

2iSfSt^^^a'r53im^^tl(7:>ig$iB#Wco^m^ 
-e^tp-^{iM*(c#x.bii^o 0, (1/2) T 

o^^'&ibii", (1/2) T, (2/2) T(r>m^^t> 

50 T*^m«rf^T-^So r;^Wf±, lass^ffico 



21 

mm^n^^-r^t. (1/4) t, 0/4) tcom^ 
[0 0 8 7 ] mi^^(7^m 2 (ommjfm) m e t^, 

[0 0 8 8] 0{C:^ol^T, 5 0 0 a l^iJ^ia© 

SS. 5 0 1 a-S 0 8 a(^0f^(7>mM^i?Sb3itP (fcS 

5 0 9 a —5 1 6 a l^^flc, 517a~524af^ 
^^TiX^, 5 2 5 a — 5 3 0 a Ji=r:/^^U— iJ^, 531 
a ^ 5 3 6 a l^^-^/U:^ iflPStEll^ , 537a~542a 
I^JD-FF, 5 4 3 a l:iORy— 5 4 4 a l:i 17 

3 5/ h • /U^/^^ y .6 0 0 a l^*S5ifSFft-^A 

[0 0 8 9 ] 6^@(7:)ig^^^^^^^r- 
:^^0«m4 C03g52^^«;&^ (1/6) T<DmMmm^^ 

^L. m2 cDii^^^^^tJ^mS cOdgM^^fi^a^ (3/ 

(omm^^^t^ (5X6) Tc7)ii$£3§r^^^^-r6o 
[0 0 9 0] W}i^mm\tmm^<Dmi<DmMmmtmc 

0 1 a . ^S509a, ;^-Y5/5^517 
a l^mi (^3iM^±#|(7)KlflimjEV 1 ^^iiL. 
^ S/f" 5 0 4 a . ^fi: 512a. >^'Ys/^520a t^lg 

4 «7:>miE^tt®S-r 5 ^ l-— ^ 5 2 5 a Otti;^?^^ 1 
(7)iijii^^:Scom;b^ /^/i-:^ BPS [Hi 1^5 3 l a 

[0091] 1117?^, mi^^(Dm 2 (DmMmm(DW}Yf 
m^TT^-r^ ^ j^^^— hX'h^o (a) (^^iiff^ft-^ 

(CLK) . (b) i^5>iaiHlSS5 0 0 a m;^} (CLK 

1) , (c) (^^ia(HlSS5 0 0 a5fffflai;^? (CLK 

2) , (d) f^^l Oii^^^:§|(^^M^BEV 1 . m2 

mffiv3, :^ic7:)g5£^^tio^ v:/^ (^M2. :lg3 

(^ai^a^^^llCO^V:/?^) V4, (e) 1^ ^ 4 OigM^ 
6. ®6Odi$^^:^tlC0BaffimjSV 7. m4 05i$£^^ 

tl<7:)^>':/iS (^^5. :^6(7:)ag52^^ti<75^>':/^) 

V8, (f) \tmii^<D'm2(r>mm'mm(Dmtix^:b. 

[0 0 9 2 ] ^iS(HlSS5 0 0 a<DmtiCl.K l;^^/^^tt 
^{C/.^-5 . 5 0 1 a , 5 0 2 a. 50 3 

d.t^:^ly''i^m\ZfS:^ . P#Ffl{Cti:«riJbr^S5 0 9 a , 5 
10 a. 5 1 1 a (C®^^j&^^-y-:>>^nr*?><o 
ft^t7Dj5]fflT;ei^^iM!-r6<i:. C L K 1 n ~it*ftl(c/^ 
, M^fE;^ ^5/^501a, 502a. 503a 
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t*tte{wM5o =r>-/^lx— 5 2 5 a , 5 26 

a. 5 2 7 a (OA;^?^ Vt'-^^-J^d^+^^tCiSitmi. 
^:i:5 0 9 a. 510 a. 5 1 1 a tcf^-^ — v>$nfc® 

^i^i^^^^n-s. r. igijg;^^ s/f"5 0 1 a . 5 0 

2a, 5 0 3 a 1:3:5 tC^tS J: 5 (Cv^— 

^J'^S^, *7tl:i/N- KT-lim-rs^, gfi:5 0 9 a. 
510a. 511a O^JEV 1 . V 2 . V 3 1^ jE5fe{C 
1:3:5 tf^^. 

[0 0 9 3] C LK 1 t^tficoMFfl. y 

10 ^ 5 2 0 a \^::tl^iifimXh . 5 12a (DMmtik 

m^nri^^o CLK ij&^D— i^^tcM^, [^0#{ccL 

K 2d^/N^4^M^/ir6i:. ««£;^^iyf^5 0 4 a;ei^;^:/ 
jyt^fc/^ 15 . ^^(citC^ll Lr?S?fi 5 12a 

— v>$nTt^<o r:iT-. ^^f" 5 0 4 a 

^IS^. KT'^mLr:Jo<o t-^<l:. CLK 

2ib^±'h±7b^^Xi!)-h (1X6) T^iimtc. §S5l 
2 a (T^mff V 4 I^V 1 {C— S:L. (3/6) TSili^{C 
V2{C-ifirL. (5/6) T^iiimtCV 3{C-g:-r^o 
20 ^rV/^U— i?' 5 2 5 a l^ro (1/6) T CO ^ V 

5 2 6 a J^irco (3/6) T CO^ ^ V tti L 

Tffi:t? (m2COil5i^^iim;^) L. 3 v-/^ 1/-^$^ 5 2 
7alirO (5/6) T(0^>< ^ V^^^^WLTtH;?? 

(m3(Oag5i^^«tb;^?) fSo ^Vu;^*IPSIl]ieS5 3 

la. 532a. 533a oai;^? (col. c o 2 . c 
o 3 ) D — FF537a. 538a. 539a <D± y 

\^?<tin^\z.mm^n. cixboD-F F^;?i->')bt^«c 

J: 19 5 1 7 a . 518a. 519 

a 19 . ^S5 0 9 a. 510 a. 511 

[0 0 9 4 ] %4'^%Q<D^m^^^<DWim^. ±x&L 

fc^ 1 3 <Di^m^±^(r)W}Y^ttH^nT'r^^^ 

iS531a-'536at^ (1/3) T fe{CiilS#{C/-^/U;:^ 

ff^Bli:. 17 >'v'3 5/ h • — ^ 5 4 4 a 

*^^;h.6/^y^;^'^I^^o. jgffl (1/3) T^^m^ 
ft # ^ tii ;^ 6 CI <t f c 5 o 
[0 0 9 5] 5ffi»«C0« 2 OllifeJl^^t^i. dgli^^^g^ 

^-ti-^:i<b{cj;'9. *PSrMg:;^^li r;:^/.^ai;^?{t-^^ 

ffl^^bo'r;^.^. m.mMi^<D^W}t^h-DXh:^yvr::^ 

[0 0 9 6] /^*5. *:|llg^fi6{c*5«j-S3i5£^^^co5i 
(1/6) T. (3/6) T. (5/6) TO 
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0, (1/3) T, (2/3) T(^ffi^^i:>'ii:, (1/ 
3) T. (2/3) T. (3/3) T i^m^^io-^tt^m 

^S.-r^t. (1/6) T, (3/6) T. (5/6) 

[0 0 9 7 ] (5ftffiF:ii(7:>^ 3 (Dmmmm) n i s j^, 

[0 0 9 8] liiiciioi^r, m^n-^Q O 0 b\tmi\Bi 

iS, 501b'>-503b. 505b, 5 O 7 b ti^^CO 

t9^n6mS5tE:^'< 5 0 9 b'-511b, 513 

b, 515bl^^S. 517b~519b. 521b. 

5 2 3 b\t^^y^. 5 2 5 b~ 5 2 6 b, 5 2 8 b 
=t:^^^\^^^^ 531b~532b. 5 3 4 b J^/^/l^:^ 
"HPSHISS^ 537b'-538b. 5 4 0 bl^D-F 
F, 5 4 3 bl^ORy— 5 4 4 b v-- a h - 

-^yp^/^-Yt/u- 6 0 0 b i^^3H»{f •f-A;':?^^^. 

6 0 1 b l^ai*«^^^UTi/^6c 

[0 0 9 9] 3m<Dmm^^^^^/uX* 

(1/6) T<DMmmm^^±v. m2(Dmm^± 

(5/6) TtDiiS^r^^^^L. m3(7)3iJi£^^ 
(9/6) T(D5iIii^r^^^^i--5e 

[0100] W}rfmmnmm^(Dm i . m 2 co^mji^m 

ti:^. Mm:^^ y'^Q 0 1 b . ^fi5 0 9 b, ;^>r2/^ 

5 17 b\tmi(Dmm¥^±^<ommm.EEv 1 ^^^l. 

:y ^ 5 0 3 b . 511b. y^^-/f^519 

bf^mi "503iM^±:^(?5^>':7^KV 3^^ii-r6o VI 
RXJ^V 3 omjE^ttK-f-^ =3 l^-^ 5 2 5 b (Dmti 

3 1b 1 oiiM^^:^(7:)tti;b''VL';^itl^^< m^^-t 
6o cixi^. mi (50ii5S^^i:^(7:)tti;^''-^/^;^ii^. B2, 

[0101] [119 li, ^If^r^omSCO^Jfeff^MOiif^ 

e^'j^^-r^-Y Af^-Y- hr-*?^o (a) iti^mmt-^ 

(CLK) , (b) \t^^^l\B\^5 0 0 bmtl (CLK 

1) , (c) It'T^nm^ 5 0 0 b mnmt) (CLK 

2) , (d) \tmi(r>mm^^^(^mmmE.v 1 . 

{mm2<Dmm^^n(7y9i^^m) vs. ie) n 
y>'zf&v5. (f) \^mi^^(Dm3(Dmmnm<Dti!it) 

[0 10 2] 3>iElHlSS5 0 0 b<omtlCl.K 1^5/^'<^* 
^ , 5 0 1 b , 5 0 2 b}&^;^>iK 

StCT^^ip, S#Pli{CitC?<JLT?gfi5 0 9 b, 5l0b(cm 
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-5^, CLKl;&^D-)yt«l(c/^i?, mm:^^ iy^50 1 
b. 5 0 2 b:5^^:7)yt^lcM'5o r:ir% =r>'/-?u— ^ 

5 2 5 b, 5 2 6 b(DP<ti^ l^^^ — ^^-^^ii^ + i^l^^il^ 
Sfic5 0 9 b, 5 1 0 b\Z^^ — i>^nf:in,^n 
t^^^^n^o riCt?, mSE;^^ iy^5 0 1 b , 5 0 2 b 

— KT-IIS.-r 5 <h . ^h: 5 0 9 b, 510b (7:>mjBEV 
1, V2liiE5i(Cl : 5^/^5o 

/t? [0103] c LK 1 t^^^^^m<Dmm. ;^-r ^ 

^ 5 1 9 b \t:^>'i^mx-h y) . 5 1 1 b (DM^^^ 

K 2:d^/N^)t^^^/.e-5 ^, mm:^'^ s/f^5 0 3 bd^;^^ 
0#Paici±^iJLr^:S: 5 1 1 b (c^^:i^f^-r 
— v>$ixrt^<o crr% ^ 5 0 3 b 
2^^, m^tE;^^ i/^5 0 1 b(7)6f*tc/^6J: ^{C't'-^ 

2;i^i:'^>±^^or;i>^ (1/6) T^i^^{c, ^fi:5l 
1 b (T^mjEV 3 (^V 1 {C-S5:L, (5/6) T^iMimz 
20 V 2(::— Sfc-r-So =r>''''^u— 5 2 5 b (1/ 

6) T<D<^ ^>^^mmLxmt) {mi<Dmmm±^ 

tt};^?) L, =r>'/^'U— ^ 5 2 6 b f^:iCO (5/6) T CO 

{m2<Dmm^^^mM -r 

6o -'-^/I-^^iI'IPSEhJSS 5 3 1 b , 5 3 2 b (Dttj;^? (co 
1, co2) I^D-FF 5 3 7 b, 5 3 8 bO-tiyhA 

5o J: I? 5 1 7 b , 5 l 8 b >'t^^ 

^/j^t), ^fi:5 0 9 b, 5 1 0 b om^^iSmU, ^feO 

[0104] m z <r^i^m^^^\-t . nrnzi^xcLK i 

:6^iC-^±}d^or;i^b (3/6) T Miii^tcx^/I^;^ ^ffi;':? 

cot^^^ ^ ^'^{tCLK 2>6^i!:^ii}d^or*^f? 
(9/6) TSiiimtc+i^-rSo ti§or, 

[hII^ 5 3 1 b ~ 5 3 2 b . 5 3 4 b 1^ (4/6) TSiC 

5 4 4 b r'^^^n-s^^/i-^^^l^i^o, j^si (4/ 
[0105] Mfsfffcom 3 <Dm^mm\^. mm^±^^ 

[0 10 6] t^-is. 7^mmmm\z^^-i ^mmm±m<Dm 

mnm-t (1/6) T. (5/6) T, (9/6) TO 
^-g-^Wfca^-^ySid^ 3/2iftffiF«4:lim-rS5i®»^ 

5^7 0, (4/6) T, (8/6) T<Dm.;^^t>'^. 



(2/6) T, (6/6) T, (10/6) T <Dm^^ 

cOf^ffi^^S-rSi:, (1/6) T, (5/6) T. 
(9/6) TC0M^^iP'iird^*t>ffinTl/^-5o 
[01071 (7^^--r^tk^jftlHl[6&omi <7?|^JSjl^ 

[0108] |gI(c:^ol^r , w^n-^ 550 \^^mm<r>m 

ffip:S (2ilfieF^) , 551l:iT-FF, 6 0 2\t^</^:^ 

ff-^-A;^?*^. 6 0 3 j^ffi;^«^r-^5o 
[0109] 0211:^, y'^—'r^itm^\B]^(Dmi(D 

mmnm<DW}i^m^7^'ri^-fj^^^- bx*h^o (a) 

(^/Vu;?^ft#. (b) (^iSf*:tl5 5 oai;^, (c) J^T 
-FF 5 5 1 Hi;^^;^UTl^6o A;^ ^ ix 6 -'^/L-^^ff-^ 

(a) (7>JS)ffl^T<!:-r6i:, iSiS^tiS 5 ootti;^? (b) 
Itmm (1/2) T(Z>^?^St^;^£S. T-FF5 5 1 

. n-^^DMx.^o ^i^oT. T-F F 5 5 1 Otb;?:? 
f^, tb;5^5 0%. J^MTO«ff02K<i:/ir5<> 

[0110] v'^-^^it^»:\Bi^<Dmi<7^mMmm 

[0111] {"f ri. — 'r ^ )A:^i^m^<D% 2 (DMW^ 
[0 112] ll^cjol^r. ^^^-^5 6 oi^^iaiH]^. 

561. 562, 564, ^ Q ^ \t?^^f— ^ \Z\tm\^ 

U-Y. 5 6 7. 5 6 8, 5 7 0. 5 7 1 l^^fi:. 57 
3, 5 7 4, 5 7 6 , 5 7 7 l^-X -< 5 7 9, 5 8 

0, 5 8 2, 5 8 3f^#t'iy hC07='S>i5^yl-v=' — 

V 1 =- (K I o/C) • T 

2d«/^'f^^tl(C/^t) , mm^^^ t^^^ri^^ 5 6 2i}^:tl^ 

^m\zfj:y). K^x-^ s^u^P#P^{c:it^ijbr^S5 6 

V 2 =- (S I o/C) • ( t - 
ti^or. 0#^J t o f)^hV 1 tv 2t^—ik'r^t.X(D^ 

t d = (K/S) • T " (21) 
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S^f", 5 8 5, 5 8 7 |;i=r>'/^U-;^, 58 
9-5 9 2 5 9 3, 5 9 5liD- 

FF, 597, 598(:JSR-FF, 5 9 9f^ORy — 

h, 6 0 4 ii/^/u;^ft-tA;'j«^, 6 0 5l^tti*«^, 
6 0 6f^^^7=^-i?KA*«^, 6 0 7Ji^^'r-^S 

A;^?iS^^*Lri^5o 

[0 113] T^mmmmt. 2m(Dmm^^^^^/ux 
i/^6o A;^^n^-'^>'u^ff^cojgM^T^'r5^, mi 

05iM^*«^tr«2 03i3l£^^tlf^ (K/S) 
[0114] iv^ru-^sei. ^S56 7, 

?/^ 5 7 3t^, ® i(7:>3g5£^iitl<7:>BafflmjEv i <lr 
-1:^6;?^-^ $/^r L-Y 5 6 2 , ^fi5 6 8, J^-Y 
:y^5 7 4(:i, mi<Dmm^±^(D9>^^^V 2^^± 

[0115] mi^-:^-r ix^ri/^ 5 6 4 , §3:5 7 0 , 

s/f"5 7 e\t. ^ 2 <Dmmm±^<Dmmm,^v 3 ^ 

s^'^r 5 e 5 . §3:571, 

y^ 5 7 7it. m2<Dmmm±^(D9>^^t^v 

[0116] 1|23(^, -xoL — x>f tt:^SlIeIS&<?)m2 0 

mmmm(DW}r^m^?f^'r<^-^j^'^^- hxh^. ( a ) 

l^^^/u;^ff (CLK) , (b) f^5>iaiH]^5 6 offi;':? 
(CLKi) , (c) l^i^iasss 5 6 oi^tsttl;^? (CL 

K2) , (d) \tmi<7ymm^^^(7:>mmn&v 1 . % 
i<Dmm^^^(D'7iy:f^v 2 . (e) nm2(Dmmm 
^^(Dmmm&vz. ^2(DmMm±^(Dyiy^mv 
4, (f) ity'^-'r ^)^^^\Bi&t<D^2(omMmm(D 

JO [0117] ^^iaiHlS^ 560I^T-FF X'h Kl , ^-^/l^;^ 

ft^ (CLK) o/^/i-;:^(;:)A>3^ <i: titc^coffi;^?^^^ 
^iirS ( (b) CLKI, (c) CLK2) « CLKI 

:>'^r 5 6 1 
^yt^tc/^ip, ^^v=^-^K^U^B#rfl{^lt^'JLr§S5 6 

7\^'mMt^^^-i^^rix^<o A;^?^n^^NVu;^{t-§- 
(T^J^^TSiS^f::. c LK 1 1^ n-t^^(cM«9 . mM;^ 

-C y^T ^ e \ \t:;^yi^mtfJ:K^ . §3: 5 6 7 (^D^ 

40 

• -(19) 

8 (^m#:S^f"-t-v^^tir^< o C LK 2;5^/N-rt^^{C 

2t^i!fe^r-^^n5o 

t o) •••(20) 

[0118] SR-FF 5 9 7f^CLK2 0:4*>J::;&5 
^<0^^ ^l^if (-t-Jii9*>B#^J t o) -C-ferj/ h^tl, V 
1 i: V 2:51^ — Sc-r^^-r 5:>'^T-y-ir ^/ f>^ix6o t^^o 
5t? r, SR-FF ^ 9 7 <D\^t^^</VM%\t{2\)^\Z.-'^ 



R-y- h 5 9 9d:i;^li. mmr. /^/U;^*! (K/S) • 
to 1 1 9] *^PJ07='^-x^lt^^miH]SSli, 

[0 12 0] i^f 4 it^^\Emcom 3 (o%me 

[0121] ^gI{Cjol^T, 5 6 0 a I^5>1£IhI 

5 6 1 a--5 e e anAt}v^ — ^{^itmi.fzm,m^ 

67a'-572a (i^S, SZSa — STSa l:J :^ 

5^. 579a^584al^#e:yh (D^i/^ /U-x — ^ ^ 
^O^x.^:^^ 2/^, SSSa^-SSS a 1^ =1 ^"^-^ l^ — 
i?", 5 8 9 a — 5 9 2 a l^^^/U^ffi^SllHli^S, 5 9 3 a 
~5 9 6 aJ^D-FF, 597a, 598ati:SR~F 
F, 5 9 9 aJ^ORy— 6 0 4 a J^/^/l-;^{t-§-A;^? 
6 0 5 a {^tb:^3iS^. 6 0 8 ii^^7=^-^K 1 A 
6 0 9[^^^'X-^K2 A;^«^. 6 101^^ 

«/^6o A*$ti5^^/u;^ft-^(7)jS)S«^T^i-6^, mi 

(Dmm^±SRxj'n3(Dism^^^\t (ki/s) tct? 

tdl=(Kl/S) 'T 

^2, m4<Dmmm±^<Dmmm^t d 2itn^ 

td2=(K2/S) 
[0127] SR-FF597a 1 ^Oii^^^flcO 

:^XV±yb^tl^o t^^oT. SR-FF 5 9 7 aCOffi 

( (K2-K1) /s) ' Tr-^^nSo 

ms, m4(Dmm^^^nmi . m2<Dmm^^ 

2Tmm(Dmr^^'t^o ^otor^- h s 9 9 a ffi::^? 

Ii> JtgjHT, /^yu;^*! ( (K2-K1) /S) • T(7?*g 

^SE^^ii-x^-x-r it ( (K2-K1) /s) (omm 
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(K2/S) TC05gjigB$rfl^^*-r-5c 
[0123] mM^-Y ^^'^ri^-r 5 6 1 a , ^fi5 6 7 

a. 5^5^5 7 3 a ^ 1 03g$^^^t|(7>i5ffl^m 

Vl^M^L, m^te;^^ ixf^r U-^f 5 6 2 a . Sfi:56 
8a, 7 4 » 2 (?5 5i jig 51*^(75 BBMS; 

)EV2^^*L, m^iE>^'< s/^r U-^ 5 6 3 a , 
69a, ;^'Y:yf^575al^, Ml. H 2 Ojijlg^^:!! 

[ 0 1 2 4 ] S^^T U-r 5 6 4 a , gfi:670 

JO a , s/f^5 7 6 a t^. ® 3 (7>ii®^*:^<30 WfflmEE 
V4^^^L, m^^^^ ^/f"r 5 6 5 a . ^fi57 
la. 5 7 7 a J^, :S4 (7)ig5£^:i:|§C09gffl® 

jffV5^^*L. ai«^-r $/f^r U'-r 5 6 6 a , Sfi5 
72a. ;^><:y^578aJ^. ^3. m4(Dmm^^^ 

[0125] 025 1^, ^—"r ^ \t^^\B\^<Dm 3 <D 

mmmm<Dmrfm^7r^'r^ j^^^- (a) 

(CLK) . (b) l^5>gaiH]Sg 5 6 0 a tb 

(CLKi) . (c) l^^id©^5 6 0 a coi^tsm;^ 

rc? (CLK2) . (d) \^mi(Dmmm±^<Dmm'm.&v 

1. m2(7)5i5i^:^:g§(7)MfiimmV2. mi> % 2 (DM 

3&^^^<Dyly^^V 3 . (e) 1^:^ 3 (?:>3i5£^i^:glO 

BafflmjEV4. m4<DMm^±^(Dy>'':f^v 5. m 

3. m4 0iiM^^^<7:>^>':/KV6 (f) ny'^-r- 

[0126] ^ 2 (Dmmmmx 

ti^ti^y'^/i^::^it'^t-m\^X\^^^<o\zM\^. m3<Dm 

i^^\tm2. m4<DMm^±^x^^^th^o mi. m 
3(Dmmm±^(omm^mt d iit^'^v'-<^Ki . s 
^m^^-^xi^^xm^ti^o 

••■(22) 

v'—^K2. s^m^-'x^^x^^n^o 

•(23) 

[0128] *:^0Jc7:)7=^^-r ^ M:^miH]£SJ^. 

cox a.-x it(7:)K^ffi>&^ib<^-fn<S:5l#^ c $ 
50 A;^'r6/'^/^;^ff -tc7:>Jll 



(16) 

29 

[0 12 9] (P L LjgSt^v'^'iri^^if) g!2 6l:i, 

10 13 0] ^gI^w^a^/^r, ^^n-^e 1 iii#0a{t-^A 
6 1 2i^tti;^?«^, 7 0 ofiffititfcKS. 7 0 

1 fi/u-r:7^/u>$', 7 0 2 \tm,&mm^mm IV c jo 

o) , 7 0 3(^^^o5^j^^cD5>jg«, 7 0 4J^3S»«: 
[0131] *^lft?^SOP L Lj51K^i/Viri^-<if 

(##3t^ : T. Nakagawa and T. Ohira, "A pha 
se noise reduction technique for MMIC frequency sy 20 
nthesizers that uses a new pulse generator LSI," I 
EEE Trans. Microwave Theory Tech., vol. 42, no. 1 
2, pp. 2579-2582, Dec. 1994.) X\t. ^t^J^^ tiiL^^it 

::^m<Dmmmm<Dmmmti'^m^(^mm{z.-wc\^x\.^f£ 

m(7>mmmm^mm'r^'^^nt^h-:>t-o so 
[0 13 2] z.ix\z,nvx. 7^^^M<omm^\^^^m^x 

^/u^7 0 io»*K^j[2:jfrt>, s*e^?fep LLMiSt^ 

[0133] 

's^mm^^m^^'^hz.tt-x^ ^v^s 
\z.mm\.x\*'^h<r>x. 5im^ra<75*fe^ms^fS]±^-ti:5 
[0 1 3 4] *:^e^(;oj^^R^v'>'^ri^^■^^*^^, ^^^^(d so 
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':/Vr:^fj:mt)it-^^^^^-^^^t7b^X^^o *fc, 
[ 0 1 3 5 ] *^?8(753ft<§tl{^, :^^m(D^^^'7-^^ 

i^xp<:^m^(Dmmx ^ h^y^^mm 

XyVi^:^^m^^'^:^:it{z.xr) . mmmxi&::^^Vr 

^mx^^. y^j\-^f^i.x^m.mm,i}^^mx^^o c 
[0 13 6] :^mm<Df =^-"7- ^ 

^^ii>5^bt7)-rix'^. 'm.mm,&<D^'mf}^h-:>x-i:>. m:^ 

[0137] *^ej(Z)P L LjilSt^^/v-^i^^ifl^i, * 
[llffiofsm;^.^!^^^] 

[[11] ^y'^^/^Mm^^^<7>mi(Dm 

[0 2] :/n^^-^://L.3gjs«^§|<^^i<^^i£?^^<^ 
[Iil3] :5^^'^^/^3iM^^^t75|g2 0|l 
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1 


1 , 


2 1 






1 


2 , 


2 2 






1 


3 , 


2 3 




[0 5] ^mm<Dm&^-y>'^^'<^<7^^i<ommmm 


1 


4 . 


2 4 






1 


5, 


2 5 






1 


6. 


2 6 




0O 


1 


7 . 


2 7 





[n 8 ] MiK^ri^^-irif^ f-' on 1 <Dmmmm(Dm^^^ w 

[0 9] ^^.^:S:{c*5«j'-5tli;^(t#;^-<i5^ V^i^^TT^-r 

0O 

[010] :^^0J(^JllSc*i/i^-&i^^ifom2o||J£?^ 

[011] :^mm<^mm^iy>'^^^ ^<r>%z(D-mmm 
[0 12] '^^(D':fv2 ^9'^^ji^mm^^^(Dmf&m^ 

^-fy^a iy ^0, 

[0 13] 'i}^^(D^n ^9'^y'/i-Mmm±^<DWjrfm^ 20 
[014] :^%m<r>mmm<Dmx<Dmmmm^7r^^':^^ 

[015] 3®fS^^(7:)Slcr>^itM^cr)»lf^«^«J^^-r^-< 

ho 

[0 16] *^P^(7531ffiF^(Dm2 <7)|IJfe?F^^^;^-r>^n 

[017] mm^<om2(Dmmnm<ommi%:^'r<^'^ 

M."^^- ho 

[018] *:^§goitf^:^(75m3 OHIfi^m^^-r^ci 30 
[019] 51f&#iom3 0^Jfe?i^^<7:)»jf^C^J^^-t-^>f 

^^•t- ho 

[02 0] :^^m<D^:---y'^i^^m^^<omi<7>mm 

[02 1] 'T^-'r^it^^^^<Dmi<Dmmmm<Dm 

^m^T^-t^ ^ ^"^"^^ ho 

[02 2] >ritS^milljBS(7)m2 0^m 

?F^^^^i':/n2 ^0o 

[02 3] y'^-y'^ it^^m^(Dm2<DmMmm<DWj 40 
^^ij^^-r^-^^^Y-- ho 
[02 4] ^^m(Oy^^-'r^it^m^^<Dm3(Dmm 

[02 5] ^ =^—7'^\t^^m^(o%z<n%mmm<r>'^ 

V^m-^n^-r ^ ^ \ - ho 
[02 6] *:^0jt7:>p L Li^lSt«:v'>'^ri^^i^*o^^feJf0 

:^C3 -/i^ 0o 
[SF#o|^0J] 

IDA, lOB ^v:/^^±[hI^ 

2 OA. 2 OB Saffl«jE^*lHl5S 5t7 



3 1 =f 

32 !7>'^/3s/h 

40A. 40B, 40C T^^i^U— ^ 
41 A. 41B. 41C 1]^%^ 
42A, 42B. 42C ^ 
5 OA. 5 OB, 5 0C f—^^^"^^ 
60 A. 60B, 60C Mffi]©^ 

7 0 n ^ T -7 ^/L-igjii^^tl 

8 1 V')^^^ 
8 2 

8 3 ^S: 
8 4 

8 5 ^ ^/f^ 

8 6 D/A^«:^ 

8 7 ^ V/^ l^ — ^ 

88 V:yiy^yV 

10 1 S{ij-Y^^-://Mt-tA^?«-?- 

102 Wi-^f-^ST^ti^^ 

103 SiUy-^ft^A^?«-i^ 

2 0 1 K^l-<;t--^/Mt-§-A;'7«-?' 

2 0 2 ii^T^-^KA;^?«^ 

2 0 3 Ktt!jy-i!^fs#A*i^^ 

3 0 1 ^ ^ y^A:fjii^^ 
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